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UNITED STATES PATENT OFFICE 
2,644,642 

CONTROL, SYSTEM FOR A PLURALITY OF 
RELATED WARIABLES 

Charles H. Smoot, Chicago, Ill., assignor to Re 
public Flow Meters Company, Chicago, Ill., a 
corporation of illinois 
Application May 18, 1949, Serial No. 94,010 

(C. 236-26) 8 Claims. 

This invention relates to control Systems and 
more particularly to electrical systems for con 
trolling a plurality of related variables such, for 
example, as the Supply of fuel and air to a furnace 
for combustion or the Supply of factors contribut 
ing to an industrial process or the like. 

Control systems have heretofore been operated 
for the most part by fluid under pressure such 
as air which is transmitted through conduits to 
Various points in a plant to effect control. Opera 
tions. In large plants the conduits become ex 
tremely long, and the time required to transmit 
a pressure change therethrough induces an un 
desirable time lag into the system. Furthermore, 
the installation of a large number of conduits to 
gether with the necessary pumps and accessories 
required for a fluid pressure system becomes rela 
tively expensive and is undesirable in various 
types of plants. 

It is accordingly one of the objects of the 
present invention to provide a control System in 
which all of the control forces or impulses are 
transmitted electrically so that time lag in the 
System is eliminated. According to One feature 
of the invention the System functions Without coin 
tactors, cominutators or slip rings in the power 
circuit so that it is extremely reliable and requires 
a minimum of maintenance. 
Another object is to provide a control system 

in which alternating current is utilized through 
out the Systern both for control and for power. 

Still another object is to provide a control sys 
tein which can easily and quickly be converted 
from automatic to manual control and vice versa, 
With a minimum of disturbance to the system. 

Still another object is to provide a control sys 
ten in which a single adjustable electric device 
effects a proportionate control of a plurality of 
devices to be controlled. Preferably a primary 
variable impedance is connected in parallel to a 
plurality of impedance elements which are, in 
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turn, connected respectively through bridge cir 
cuits to Secondary Wariable impedances adjusted 
by regulators for factors affecting the condition 
and which are, in turn, controlled respectively by 
unbalance in the bridge circuits. 
A further object is to provide a control system 

in which the voltages developed across one im 
pedance element in each of a plurality of bridge 
circuits are added and are utilized as a loading 
force for controlling additional factors affecting 
the condition. In the preferred construction the 
voltages are added in coupled coils and the total 
Voltage is applied as a loading force to a regulator 
functioning as a primary or master control reg 
ulator in a Second control System, 
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The above and other objects and advantages of 

the invention will be more readily apparent. When 
read in connection. With the accorinpanying draw 
ings, in which 

Figure 1 is a diagrammatic view of a steam. 
boiler embodying a control according to the pres 
ent invention; 

Figure 2 is a wire diagram of a control panel 
and its interconnected parts; 

Figure 3 is a wiring diagram showing the coils 
dition of the circuit for automatic operation; 

Figure 4 is a similar diagram showing the Con 
dition of the circuit for manual operation; 

Figure 5 is a diagrammatic view of a metering 
type regulator; 

Figure 6 is a view at right angles to Figure 5 
with parts shown in Section; and 

Figure 7 is a view similar to Figure 6 of a posi 
tioning type regulator. 
As shown in Figure 1, the control system of the 

present invention is applied to a boiler indicated 
generally at heated by a cyclone type furnace 

which is supplied with fuel from a fuel ineter 
ing device 2. In addition to the fuel supplied by 

; the device 2 which may be coal, the furnace may 
receive a secondary fuel Such as gas through a 
conduit 3 under the control of a valve 4. Pri 
mary air is supplied to the furnace through a 
conduit 5 under the control of a valve 16, and 
secondary air is supplied through parallel con 
duits if controlled by valves 8. The primary and 
secondary air are received through a common air 
manifold 9 which is supplied by a pair of forced 
draft blowers 2 having Valves or louvers 22 to 
control the admission of air thereto. Coimbustion 
gases from the furnace are exhausted from the 
furnace through a fille 23 connected to a pair of 
induced draft blowers 24 having control valves 
or louver's 25. 

The induced draft control 
The induced draft System is controlled inde 

pendently of the remainder of the system to 
maintain the furnace draft at a constant man 
ually adjustable value. For this purpose each 
of the valves or louvers 25 is connected to a posi 
tion type regulator 26 which adjusts the valves 
or louvers to produce the desired pressure in the 
flue 23. This pressure is measured by a meter. 
ing type regulator 2 having a diaphragm 28 
therein connected to the flue 23 to sense the pres 
Sure in the flue. The regulator may be generally 
Similar to that more particularly described and 
claimed in Smoot Reissue Patent No. 16,507 ex 
cept that its power unit instead of adjusting 
a valve or the like adjusts a potentiometer re 
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sistance or similar variable electrical device and 
except that instead of being loaded by a fluid 
pressure, as described in the Smoot reissue pat 
ent, the regulator is loaded electrically as de 
Scribed more fully hereinafter. For loading, the 
regulator is supplied with an electrical loading 
unit receiving loading voltage through a lead 3 
from a control panel 32 containing a variable 
electrical device which can be manually adjusted 
to set the regulator at a predetermined value at 
which it will thereafter tend to rinaintain... the 
induced draft pressure. 
The regulator 27 contains a primary variable 

electrical device such as a potentiometer whose 
variable tap is connected through a lead 33 to 
the panel 32 and to a similar panel 34. The 
panels 32 and 34, as described more fully here 
inafter, contain adjustable devices through Which 
the ratio of the voltages transmitter thereby can 
be adjusted and which can, if desired, be Switched 
to manual control when it is desired to control 
the induced draft valves manually. 
32 is connected through a lead 35 to one of the 
regulators 26, and the panel 34 is similarly cor 
nected through a lead 36 to the other regul 
lator 26. 
When the furnace pressure is at the value for 

which the regulator 2 is loaded, the valves 25 
Will be so adjusted as to maintain the pressure 
at this value. If the pressure should change, the 
change: Will immediately be sensed by the regu. 
lator 27 which will change the voltage trans 
Initted through the line through the lead 33 
to the panels 32 and 34 thereby simultaneously 
and proportionately to adjust the regulators 26 : 
So that the pressure. Will be returned to the de 
Sired value. 

The master controlling system. 
The Supply of fuel and air for combustion to 

the furnace is controlled through a master con 
trol System in response to steam pressure gen 
erated by the boiler or by a series of boilers con 
nected to a common steam header. As shown, 
Steam is Supplied to a header 37 which in turn 
Supplies any desired type of steam consuming 
device, and the System is connected to maintain 
the Steam pressure in the header constant. For 
this purpose the pressure in the header is meas 
ured by a master controlling device 38 which may 
be . Similar to the master element in Smoot Re 
issue Patent No. 16,507, except that it adjusts a 
Variable electrical device rather than a fluid pres 
Sure. AS Seein in the diagrams Figures 2 and 3, 
the Steam pressure unit may control a wiper S9 
nowable Over a resistor 4 which is connected 
across the control circuit, and the wiper may be 
connected to a main lead 42 to transmit the 
master control voltage to control panels. It 
Will be understood that when a plurality of fur 
naceS On a Single boiler or on different boilers 
are controlled from the same master control 
unit, the lead 42 will go to main control panels 
for each of the boilers. 
As shown in Figure 1, there is only a single 

furnace , and the lead 42 is connected to a 
panel 43 which is, in effect, the main control 
panel for the furnace. The lead may also be 
connected to additional main control panels in 
parallel with the panel 43, and the several panels 
enable the ratio of the total load to be carried 
by each of the furnaces to be adjusted. The 
panel 43 as well as the additional control panels 
referred to hereinafter may be identical with the 
controls 32 and 34. 

ihe panel. 
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The output voltage from the control panel 43 
passes through a voltage limiting device 44 which 
may be of the type more particularly described 
and claimed in my copending application Serial 
No. 59,061, filed November 9, 1948, now Patent 
No. 2,529,055, and which functions to maintain 
the output voltage between predetermined maxi 
mum and minimum limits. The voltage limit 
ing device is connected back through the panel 
through a lead 45 in parallel to a forced draft 
panel 46 and primary and secondary fuel panels 
47 and 48, The forced draft system may be con 
trolled from the panel 46 and a panel 49 to main 
tain the forced draft pressure at a value pro 
portional to the steam pressure, and the panels 
41 and 48 respectively control the supply of coal 
and air to the furnace in a predetermined ratio. 

ife forced tiraft control 
The forced draft pressure Supplied to the 

header 9 is measured by a nettering type reg 
ulator 5 which is similar to the regulator 27 
and which is loaded electrically through a noto'. 
unit, 52. Similar to the motor unit 29 on the reg 
ulator 27, The panel 46 Supplies to the motor 
unit 52 a voltage Which is proportional to the 
voltage received by the panel 46 from the panel 
43 variably to load the regulator. As the regul 
lator moves in response to change in its loading; 
it transmits back through a lead 53 a control 
voltage which is supplied to both of the panels 
6 and 49 and which is transmitted therefrom 

to positioning type regulators. 54 and 53 which, 
are connected to the Waives or louvers. 22. Thus, 
When there is a change in the loading voltage 
Supplied to the regulator 5f a proportionate ad 
justment of the two regulators. 55 and 55 will 
be produced to change the forced draft pres 
Sure an amount proportional to the change in 
loading On the regulator. When this change has 
Occurred, the reaction of the changed pressure. On 
the regulator will bring it back to balance with 
the valves. 22 in their niew adjusted position to 
maintain the pressure at the desired value. 

The fuel control 
The two types of fuel illustrated are controlled 

concurrently and proportionately through the 
panels 47 and 48 in accordance with changes. 
in the nilaster loading voltage as transmittei. 
by the control device 38. For this purpose the 
regulator 41 is connected through a lead 56 to a 
positioning type regulator. 57 connected to the 
metering element 2. Thus, upon any change 
in the master loading voltage, a proportional 
change in the loading of the regulator 57 will 
Occur to produce a corresponding increase Or 
decrease in the rate of coal supply. 
The gas Supply is controlled by a positioning 

regulator 58 connected to the valve 4 to adjust 
it, and the gas flow is measured by a metering 
type regulator 59 having a diaphragm thereon 
connected across a restriction 63 in the gas supply 
Conduit to measure the gas flow, irie regulator 
59 has a loading unit 62 similar to the unit 29. 
connected through a lead 63 to the panel 48 to 
receive a loading voltage therefrom. The reg 
ulator 59 adjusts a potentiometer or the like in 
the same manner as the regulator 2, and the 
Voltage developed by such potentiometer is 
transmitted through a lead 64 through the panel 
48 and out through a lead 65 to the positioning 
regulator 58. Thus the gas supply is accurately 
metered and is changed in proportion to changes 
in the master loading voltage to vary the supply 
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of gas simultaneously with changes in the coal 
Supply. 

The dir control 
In the system, as illustrated, the primary and 

secondary air are controlled from the fuel cont 
trol system so that the supply of air will always 
be proportional to the supply of fuel. For this 
purpose voltages developed in the coal and gas 
control circuits are added by a voltage adding 
device indicated generally at 66 and are trans 
mitted to a master air regulator 67 which is sin" 
ilar to the regulators 27 and 59 to load it. As 
shown, the voltage from the coal regulator 4 is 
conducted through a ratio adjusting device 68 
through a winding 69 which is coupled to a Sec 
ondary winding it to the loading element of the 
regulator 6. The winding 7 is connected 
through a ratio adjusting resistor 72 to the panel 
48, and the windings are so related that a volt 
age in the Winding will induce in the Winding 
69 an equal voltage of the same polarity as the 
voltage supplied to the winding 69 so that the 
voltages will be added, and the total thereof will 
be impressed on the regulator 67. Thus the air 
regulator 67 is loaded proportionately to the 
total amount of fuel Supplied to the furnace SO 
that it can supply an amount of air proportional 
to the total fuel. 
The regulator 67 includes a diaphragm unit 

73 connected across a restriction in the air mani 
fold 9 to measure the total air flow therethrough 
and adjusts a potentiometer or similar variable 
device to develop an output voltage which is 
transmitted through a lead 74 to a primary air 
control panel 75 and a secondary air control 
panel 76. The panel 75 is connected to a po 
sitioning regulator 77 which is connected to the 
primary air valve 6. The secondary air panel 
76 is connected to a positioning regulator 78 
which controls the secondary air valves 8 SO 
that the primary, and secondary air will be ad 
justed proportionately in response to any change 
in operating conditions. 

The control panels 

The several control panels referred to above 
are all substantially identical and are illustrated 
diagrammatically in Figure 2 in connection with 
the associated parts. As shown in Figure 2, the 
panel per se terminates at its left side in the 
terminals numbered 8 to 88 inclusive and at its 
right terminates in the terminals 89 to 60 in 
clusive. For automatic operation the control 
panel includes a proportioning resistor if whose 
opposite ends are connected to the terminals 98 
and 99 and which has an adjustable wiper 82 
connected through a lead fo3 to the terminal 
93 and to a voltmeter (24. The control re 
sistor 42, which may be representative of the 
potentiometer adjusted by the main steam pres 
sure element or to the input potentiometer for 
any one of the several panels, has its opposite 
ends connected across the terminals 97 and 99. 
The terminals 95 and 96 may be connected to a 
Source of control voltage Such as a 40 volt 60 
cycle alternating current source, and the ter 
minal 96 is connected through a lead .05 to the 
terminal 97 and to the terminal 88. The ter 
minal 95 is connected through a lead 6 and 
through a resistor 08 to the other end of the 
potentiometer resistance 4 and to the terminal 
85, the voltmeter f04 and a second voltmeter 
107. Thus the resistor 4 is supplied with the 
control voltage from the source and supplies a 
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variable voltage from its wiper 39 to one side 
of the proportioning resistor iO in the panel. 
It will be understood that in those instances 
wherein several panels are connected in parallel 
the wiper 39 is connected in parallel to a pro 
portioning resistor G in each of the panels in 
the same manner. In this Way the voltage in 
pressed across the proportioning resistor in each 
of the panels will be the same and Will vary in 
the same manner upon adjustment of the Wiper 
39. The wiper 02 in each panel may be man 
ually adjusted to proportion the effects of the 
several panels connected in parallel so that, for 
example, in the fuel control System a greater 
variation in coal supply than in gas supply will 
be produced on a change in steam pressure, but 
the variations will in each case be proportional. 
The panel further includes a transfer Switch 
09 to transfer the panel from automatic to 

manual operation. The switch is shown in its 
automatic position in which three blades thereon 
connect an upper set of contacts between the 
terminals 8 and 89, a central blade connectS 
contacts between the terminal 82 and terminal 
90, and a lower blade connects contacts between 
the terminal 83 and terminal 9. When the 
switch is pushed down to its manual position, 
the upper blade will connect the terminal 8 with 
a manual switch contact f, the center blade 
will connect the terminal 82 with a manual Switch 
contact, 2, and the lower blade will connect the 
terminal 83 with the terminal 84 and the ter 
minal 92. The manual switch includes an addi 
tional pair of contacts 3 and 4 which are 
connected to the terminal 89 and a blade 5 
which is nowable from an upper position Con 
necting contacts and 3 to a lower position 
connecting contacts 2 and 4. 
The panel is connected through the terminals 

8 to $8 inclusive to a regulator indicated dia 
grammatically in Figure 2 and particularly to the 
motor loading unit such as that shown at 29 or 
62 of such a regulator. This motor unit Com 
prises a two phase motor having a rotor 6 ener 
gized by a main field 7 and a control Winding 
A 3. The main Winding it may be energized 
from a standard Source of Supply such as 110 
volt 60 cycle Source, as indicated. On the dra Wing 
and may have its opposite sides connected to the 
terminals 8 and 84. The control Winding is 
connected to the terminals 82 and 83, as shown, 
and When it is Supplied With alternating current 
leading or lagging the current in the main wind 
ing, the motor Will turn in One direction. Or the 
other, as is Well understood in the art. The motor 
shaft is connected to a novable Wiper 9 move 
able over a potentiometer resistance 2 Which 
is connected across the terminals 85 and 88, as 
shown, to be supplied With control voltage from 
the leads 5 and 96. The wiper is connected 
to the terminal 8 which is connected through 
a lead 22 to the terminal 94. The motor shaft 
may also drive a pinion 23 meshing with a gear 
24 in the regulator to load the regulator, as will 
be described more fully hereinafter. 
The motor unit also includes a rebalancing or 

anti-hunting generator having a rotor 25 con 
nected to the motor shaft to be driven thereby 
and a pair of field windings 26 and 27. The 
field winding 26 is connected across the ter 
minals 85 and 88 to receive the control voltage 
therefron while the winding 27, which is, in 
effect, the output winding, is connected across the 
terminals 86 and 81 between which a condenser 
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28 is connected to insure proper phasing of the 
output voltage. 
The motor is controlled through an amplifier 

Whose input stage is illustrated in detail and 
Which may have any desired additional number 
of stages to produce the desired amplification. 
The input of the amplifier comprises a trans 
former f 29 whose primary winding is connected 
across the terminals 93 and 94 and whose sec 
ondary winding is connected to the control grid 
of a pentode tube 3. The amplifier is supplied 
with power from a transformer f32 which is con 
nected across the terminals 89 and 92 to receive 
110 volt alternating current therefrom, and the 
amplifier output is connected to the terminals 
90 and 91. The first stage of the amplifier, as 
shown, comprises the pentode tube with its plate 
connected across a resistor 33 to a suitable B 
supply source in the amplifier which is powered 
from the transformer i32. The plate is also con 
nected through a condenser 34 and a resistor 
35 to the control grid for the second stage of 

amplification. The resistor 35 is connected 
through a condenser f36 to the grid of the second 
amplifier stage, and the point between the con 
denser 34 and resistor 35 is connected to the 
center point between a pair of rectifiers 37. The 
rectifiers 31 are in series between the common 
ground terminal of the circuit and a point above 
a resistor f38 which is connected between the B 
supply and ground. This circuit forms a clipper 
circuit to limit maximum and minimum voltage 
SWings on the second amplifier stage to prevent 
overloading and peaking of the amplifier in the 
event an excessive control voltage is applied 
thereto. 

In operation the upper end of resistor 33 will 
be at a constant D. C. value Such as plus 2 volts, 
and due to the fact that the rectifiers are not 
perfect, the point, between the rectifiers will be 
at a smaller value such as plus 1 volt. Thus the 
point in the connection between the plate of the 
first tube and the grid of the Second tube cannot 
exceed a value of more than one volt plus or 
minus so that the A. C. signal supplied to the 
Second annplifier Stage is limited by the circuit 
described to One Wolt, plus or rininus. In this Way 
overloading of the amplifier is prevented and 
clipping of the signal is accomplished without 
a sepalate source of bias voltage. In Operation 
of the panel circuit, as described, when the switch 
i09 is set for automatic operation, the condition 
of the circuit is, as shown in Figure 3. As illus 
trated in this figure, the Wiper 39 of the main 
potentiometer is connected to the proportioning 
resistor 0 and is parallel to a similar propor 
tioning resistor of in a similar panel. The two 
panels such, for example, as the primary and 
Secondary air panels may be identical, and corre 
Sponding parts therein are indicated by the same 
reference numerals which are primed in the case 
of the second panel. While the complete circuit 
for the Second panel has not been shown, it will 
be understood that it controls a motor unit 
through an amplifier in the same manner as the 
first panel. 
When the voltage at the wiper 102 on the panel 

is equal to the voltage at the wiper 9 in the 
regulator, it will be seen that the circuit is in 
balance. At this time the input to the amplifier 
is zero, and no current is supplied to the control 
winding 8 of the motor. The motor is, there 
fore, stationary. Due to the fact that the re 
sistors employed in the potentiometers present a 
relatively low impedance compared with the 
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8 
meters 04 and 07, the meter f04 will indicate 
the voltage at the wiper 02, and the meter f07 
will indicate the voltage at the wiper 9 which 
is indicative of the position of the regulator. 
During automatic operation, since these voltages 
are normally equal, the meters will be together. 
ASSuming now that there is an adjustment of the 
wiper 39 to change the voltage supplied to the 
potentiometer resistor 0, the circuit connecting 
this resistor to the potention eter 2 will be un 
balanced, and a control voltage will be Supplied 
to the control winding of the amplifier whose 
amplitude is proportional to the amount of un 
balance and whose phase is controlled by the 
direction of unbalance. The amplifier will then 
supply to the motor control winding if 8 a control 
current which will cause the motor to turn in a 
direction determined by the phase of the current 
with respect to the phase of the current in the 
110 volt Supply line and at a Speed proportional 
to the amount of the unbalance. As the motor 
turns it will drive the generator rotor 125 which 
generates in the winding 27 an alternating volt 
age of opposite phase to the unbalance to reduce 
the control voltage thereby to prevent overshoot 
ing and hunting. At the same time the motor 
will turn the gears 23 and 24 to adjust the reg 
ulator and through it to effect a control opera 
tion. As the motor turns, the wiper 9 will be 
moved in a direction to return the circuit to bal 
ance, and when the voltage in the wiper 19 is 
equal and opposite to the voltage at the wiper 
82, the System will again be balanced, and the 
motor will Stop. While this is occurring, the 
motor unit connected to the wiper 02 will si 
multaneously be readjusted to balance the new 
voltage value in the wiper 02 so that the control 
operations are effected simultaneously. 

Figure 3 also illustrates in somewhat more de 
tail the connection of the voltage totaling device 
in the circuit. As shown, the primary winding 
or coil it is connected in shunt with the meter 
07 so that it will have impressed thereon the 

voltage developed at the wiper 9. The second 
alry Coil. G9 is connected in series with the lead 
from the meter 6 to its associated potentiom 
eter wiper in its motor unit, and there is a con 
nection from the lower end of the coil 69 through 
a meter 38 providing a high impedance to the 
ground line of the control circuit. The lead from 
the totalizing device shown at 39 is connected 
between the meter i38 and the winding 69. 
In operation the voltage developed at the 

wiper connected to the meter 07' will be im 
pressed across the meter 38 on the line (39, and 
the voltage in the primary winding 7 will be 
induced in the winding 69 and added to the first 
mentioned voltage. Therefore, the total voltage 
On the lead 39 will be the sum of the two wiper 
voltages. In case more than two panels are to 
have their voltages totaled, the lead 39 might 
Supply a Second primary Winding similar to the 
winding which is coupled to a secondary wind 
ing similar to the Winding 69 connected to a 
third panel to total the voltages in the three 
panels. It will be understood that this arrange 
ment could be extended, if desired, to total any 
desired number of panel voltages. Due to the 
fact that the impedances in the circuit are all 
high and that current flow is small, there is no 
CrOSS feeding between the circuits so that a 
change, for example, in the voltage at the wiper 
02' will not affect the motor 6. 
For manual operation when the switch 09 is 

moved down as seen in Figure 2, the circuit be 
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comes, in effect, that of Figure 4. In the manual 
condition each regulator motor unit is controlled 
separately from its own panel So that there is 
no interconnection whatever between the circuits, 
and a single motor circuit only is, therefore, 
shown in Figure 4. 

In this condition of the circuit, the motor con 
trol winding 27 is connected to one side of the 
110 volt source and has its other side connected 
to the switch contact 2. The contact fill is 
connected to one side of the main winding fil 
to which the other side of the control winding is 
also connected, and both of the contacts 3 and 
4 are connected to the other side of the 110 

volt circuit. A condenser 4? is connected be 
tween the contacts and 2. 
With the manual switch blade 5 in its cen 

tral position, as shown, neither of the motor 
windings is energized, and the motor is station 
ary. When the blade 5 is shifted to the right 
to connect the contacts 2 and i? 4, the main 
motor winding is energized through the con 
denser 4 and the switch to the line while the 
control winding f2 is connected directly in the 
line. Therefore, the current in the main Wind 
ing will lead that in the control winding to rotate 
the motor in one direction. When the Switch is 
moved to the left to connect contacts if and 3, 
the main winding is directly energized from the 
line While the control winding is energized 
through the condenser 4. At this time the cur 
rent in the main winding lags the current in the 
control winding to rotate the motor in the oppo 
site direction. The motor will continue in opera 
tion as long as the switch is held in one of its 
operating positions and will move the Wiper 9 
to indicate on the meter C the position of the 
regulator. 

It will be seen that the system can be converted 
from automatic to manual operation at any time 
simply by throwing the switch (9 since the volt 
ages in the bridge connected potentiometers are 
always equal during automatic Operation as in 
dicated by the two meters 34 and 97. There 
fore, when the Switch 3 is thrown to manual 
position, there will be no immediate effect on the 
system. During manual operation, the meter 
G4 will indicate the voltage at the Wiper (2 
and will, therefore, indicate the position the reg 
ulator would occupy if it were under automatic 
control. 
position of the regulator, and since these may 
not be the same, the system should be manually 
adjusted to bring them into agreement before 
switching from manual to automatic control. 
Otherwise, as soon as the System is SWitched to 
automatic control, it will cause a rapid and per 
haps drastic adjustment of the regulators to 
bring them to the indicated automatic position, 
and while this will not damage the control Sys 
tem itself, it might result in severe damage to 
the boiler or other plant being controlled. 

The metering regulators 

Figures 5 and 6 illustrate diagrammatically 
the construction of the metering regulators, as 
shown, for example, at 27, 5i, 59 and 67 of Figure 
1. In the construction shown the reversible no 
tor, as shown at 6 in Figures 2 and 3, is 
mounted on the cover plate 42 of a moto) unit 
housing A3 which is formed for mounting on the 
regulator itself. The generator, as indicated at 
(25 may also be contained in the motor housing, 
and electrical connections to the unit may be 
made through a plug type connector 44 carried 

The meter is 7 will indicate the actual 
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on the cover plate , 42. The motor drives a, 
pinion 45 journaled on the cover plate and mesh 
ing with a gear 46 also journaled On the cover 
plate and driving a shaft 47 through bevel pin 
ions 48. This entire mechanism, as described, 
is supported on the cover plate 42 on brackets 
49 so that access to any part of the mechanism 

for repair or replacement can easily be obtained 
simply by removing the cover plate without dis 
turbing any other parts of the mechanism. 
The shaft f 47 drives the wiper 9 which is 

movable over the resistor 2 to form the balance 
potentiometer of the motor unit. The shaft al 
So carries a can 5 which may be adjustably 
mounted thereon and shaped to provide any de 
sired characteristic of regulator operation. 
The can engages One end of a lever 52 carried 

by a shaft 53 journaled in the housing and car 
rying at its opposite end an arm SA which is 
connected to a tension Spring 55. The Spring 
55 serves to load a pivoted bean forming a part 

of the regulator and which is balanced by a dia 
phragm 5. The beam has connected thereto 
a valve plunger 58 which moves toward and away 
from a nozzle 59 to vary the pressure behind 
the nozzle. - 
The regulator comprises a fluid preSSure notor 

including a housing 6 formed with a pair of 
cylinder bores of different sizes into which a 
Small piston 62 and a large piston 3 slidably 
fit. Fluid under pressure such as air is supplied 
to the top of the small piston through a line 64 
which also communicates through a restriction 
65 with the space below the large piston. The 

nozzle 59 is also connected to the space below 
the large piston. The pistons are interconnected 
by a piston rod f 68 formed with a rack mesh 
ing with a pinion 87 which is connected to the 
potentiometer wiper 68 to adjust the output 
voltage of the potentiometer, 
In operation the motor f6 will be moved 

to a position corresponding to the input voltage 
to the motor and until the input voltage is re 
balanced by adjustment of the potentiometer 
wiper 9. As the motor moves, it turns the cam 
f5 to vary the tension on the spring 55 thereby 
varying the restriction of the nozzle 59. As this 
nozzle becomes more restricted the pressure be 
low the large piston G3 will increase causing. 
the pistons to move up and adjusting the wiper 
68 in one direction, and when the nozzle is less 

restricted, the pressure below the large piston 
will decrease causing the pistons to move down 
and to adjust the wiper 68 in the opposite direc 
tion. This will vary the voltage developed at the 
Wiper f68 and will affect a corresponding control 
adjustment through the connected panels and 
positioning type regulators to vary the pressure 
or differential pressure on the diaphragm 57 to 
rebalance the bean SS. At this time the sys 
ten is again in baiance, and the regulator will 
reiinain in its adjusted position until there is a 
further change either in the motor unit or in the 
pressure acting on the diaphragm 57. 

The positioning regulators 

Figure 7 illustrates the construction of the sev 
eral positioning regulators as shown, for ex 
ample, at 26, 54, 55, 57, 77 and 78 of Figure 1. 
Each of these regulators includes a motor unit, 
which is identical to the motor unit for the meter 
type regulators with the exception that the can 
131 is omitted. For brevity of description parts 
in Figure 7 corresponding to identical parts in 
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Figures 5 and 6 have been indicated by the Same 
reference. nunerals, 
In this construction the Shaft 4 carries a 

disc 7 having a link 2 pivoted eccentrically 
thereto so that the link will be shifted length 
Wise as the shaft turns. iihe moto' unit hous 
ing may be mounted on the top of a positioning 
type regulator Such as that more particularly 
shown and described in the patent to Rosen 
berger, No. 2,220,176, in place of the diaphragan 
unit shown in the patent. AS. illustrated dia,- 
grammatically in Figure. 7, the regulator includes 
a foating link 3 to the center of which the link 
72 is pivoted and which is pivotally connected at 
One end to the valve iod of a pilot, valve 4. At 
its opposite end the link i3 is connected to one 
end of a bell crank lever 75 pivoted at , i. 6 and 
having itS. Opposite end connected through a link. 

to an elongated pivoted cam 3. The can is 
engaged by a roller is carried on the pistoia rod 
f8 of a fluid motor i32 which is controllect by 
the pilot valve it. 

In operation, when the bridge circuit control 
ling the motor 6 becomes unbalanced the mo 
tor Will rotate the shaft 47 and through the ec 
cent'Ic disc will move the link is 2 to rock the 
link 13 either upward or downward about its 
pivotal connection to the bell crank lever 5. 
This will shift the pilot valve causing the fluid 
motor 82 to move the piston rod and rock the 
can 78. The cam acting through the link i 
will rock the bell crank 75 thereby shifting the 
left end of the floating link 73 to position to 
return the pilot valve to its neutral position 
thereby to stop the motor. Thus, the regulator 
Will move to a position corresponding to the po 
sition of the motor f6 and will simultaneously 
move its interconnected valve or other control 
element to effect a control operation. 

Operation 
In Operation of the system, as shown, for ex 

ample, in Figure 1, for a boiler furnace control, 
it Will be Seen that as long as the steam pressure 
in the manifold 37 remains constant the system 
Will remain Stationary in its then adjusted po 
sition. Upon variation in steam pressure the 
controller 38 will adjust its potentiometer to 
change the Voltage transmitted to the control 
panels through the lead 42. 
the Voltage impressed on the proportioning re. 
Sistor of the panel 46 to change the loading on 
the forced draft regulator 5 which will, in turn, 
change the Voltage transmitted back to the coin 
trol panels 46 and 49. These panels will effect an 
adjustment of the position type regulators 54 and 
55 to adjust the dampers 22 thereby to change 
the forced draft pressure to a value proportional 
to the new value of the voltage developed at the 
master control unit 38. 
At the same time the voltages supplied to the 

primary and secondary fuel panels 47 and 48 
Will be changed to adjust the primary and sec 
ondary fuel regulators proportionally to the 
change in the master control voltage. It will 
be noted that the proportion of primary to sec 
Ondary fuel can be adjusted at any time by ad 
justing the potentionnetters at One or both of the 
fuel control panels so that the desired amounts 
of the different fuels can be furnished. The 
changes in the voltages at the fuel panels will 
result in a change in the loading Voltage trans 
mitted to the regulator 67 through the totalizing 
unit and Will cause an adjustment of this regul 
lator to change the voltage transmitted by it 
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through the lead 4 to the air control panels 
75, and 76. These panels will cause proportional 
adjustments of the regulator 77 and 78 to change 
the primary, and Secondary air flow in proportion 
to the change in fuel Supply. It will again be 
noted that the relative amounts of primary and 
Secondary air can readily be adjusted by adjust 
ing the proportioning potentiometer at the air 
control panels to maintain the primary and sec 
Ondary air in the desired ratio at all times. 
The several adjustments effected by the system 

will occur simultaneously and the system can be 
so arranged as to produce very rapid adjustment 
So that any change in operating conditions is 
quickly, and accurately corrected for. Also due 
to the use of the generators in the motor cir 
cuits overshooting or hunting is prevented so 
that all parts of the System will quickly come to 
the correct position of adjustment and will stop 
without any hunting or overshooting. 
While the System has been illustrated and has 

specifically been described in connection with the 
control of combustion, it Will be apparent that 
it is not limited thereto but is applicable to many 
types of control operations and is capable of be 
ing connected and utilized in many different . 
manners depending upon the control require 
ments. 

It will, therefore, be understood that the in 
vention is not limited to the exact system illus 
trated and described nor otherwise than by the 
terns of the appended claim.S. 
What is claimed is: 
1. A control system comprising a primary vari 

able impedance, a plurality of impedance ele 
inents connected in parallel to the primary im 
pedance, a plurality of secondary variable im 
pedances, a plurality of circuits connecting the 
impedance elements respectively to the Sec 
ondary impedances, a plurality of reversible mo 
tors connected respectively to the Secondary in 
pedances to adjust them, means responsive to 
voltage unbalance in the circuits to control the 
respective motors, voltage adding means Con 
nected to the secondary impedances to add the 
voltages developed therein, and a regulator con 
nected to the voltage adding means to respond 
to the Sum of said Voltages. 

2. A control system comprising a primary vari 
able impedance, a plurality of impedance ele 
ments connected in parallel to the primary im 
pedance, a plurality of secondary variable im 
pedances, a plurality of circuits connecting the 
impedance elements respectively to the Secondary 

5 impedances, a plurality of reversible motors con 
nected respectively to the Secondary in pedances 
to adjust them, means responsive to voltage un 
balance in the circuits to control the respective 
notors, voltage adding means connected to the 
circuits to add the voltages developed across one 
of the impedances in each circuit, and a regul 
lator responsive to the total voltage developed 
in the voltage adding means. 

3. A control system comprising a primary Wali 
able in pedance, a plurality of impedance ele 
rents connected in parallel to the primary in 
pedance, a plurality of secondary variable in 
pedances, a plurality of circuits connecting the 
impedance elements respectively to the secondary 
in pedances, a plurality of reversible motors con 
nected respectively to the secondary impedances 
to adjust them, means responsive to Voltage un 
balance in the circuits to control the respective 
notors, a pair of inductively coupled Windings 
connected respectively to the circuits to have 
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impressed thereon the voltages developed acroSS 
one of the impedances in each circuit, and a 
regulator connected to one of the Windings and 
responsive to the total voltage developed therein. 

4. A control System comprising a regulator 
movable in response to a condition to be CO 
trolled, an adjustable electrical device connected 
to and adjusted by the regulator to produce a 
change in an electrical effect proportional to 
movement of the regulator, a reversible electric 
motor, a regulator to control a Second condition. 
affecting the first nained condition, a spring ad 
justed by the motor variably to load the last 
named regulator, an element responsive to Said 
Second condition to balance the Spring, a Second 
adjustable electrical device adjusted by the last 
named regulator, a balanced electrical netWOrk 
connecting the electrical devices in Opposition to 
each other, and means connected to the netWork 
and responsive to unbalance thereof to control 
the notor. 

5. A control System comprising a regulator 
novable in response to a condition to be COin 
trolled, an adjustable electrical device connected 
to and adjusted by the regulator to produce a 
Voltage change, a plurality of impedance elie 
ments connected in parallel to said device, a 
plurality of variable impedances, circuits con 
necting the variable impedances respectively to 
the impedance elements, a plurality of reversible 3 
notors, means responsive to the Voltage unbal 
ance in the circuits to control the notors re 
Spectively, a plurality of secondary regulators 
controlled by the motors respectively, and in 
dividual control means for a plurality of factors 
affecting the condition controlled by the regul 
lators respectively. 

6. A control System comprising a regulator 
novable in response to a condition to be CO 
trolled, an adjustable electrical device connected 
to and adjusted by the regulator to produce a 
Voltage change, a plurality of impedance ele 
ments connected in parallel to Said device, a 
plurality of variable impedances, circuits con 
necting the variable impedances respectively to 
the impedance elements, a plurality of reversible 
motors, means responsive to the Voltage unbal 
ance in the circuits to control the notors re 
Spectively, a plurality of secondary regulators 
controlled by the motors respectively, individual 
control means for a plurality of factors affecting 
the condition controlled by the regulators re 
spectively, and means to adjust at least one of 
the impedance elements to vary the ratio of 
Operation of the Secondary regulators. 

7. A control System comprising a regulator 
movable in response to a condition to be con 
tolled, an adjustable electrical device connected 
to and adjusted by the regulator to produce a 
Voltage change, a plurality of inpedance ele 
ments COInnected in parallel to said device, a 
plurality of Variable impedances, circuits con 
necting the variable impedances respectively to 
the impedance elements, a plurality of reversible 
motors, means responsive to the voltage unbal 
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14 
ance in the circuits to control the motors re 
Spectively, a plurality of Secondary regulators 
Controlled by the motors respectively, individual 
COIntrol means for a plurality of factors affect 
ing the condition controlled by the Secondary 
regulators respectively, a voltage totaling device 
COInnected to the circuits to add the voltages 
developed across One impedance in each circuit, 
a third regulator connected to the voltage total 
ing device to respond to the total voltage de 
Veloped therein, an adjustable electrical device 
Connected to and adjusted by the last named 
regulator, a plurality of fourth regulators re 
Spectively Controlling factors affecting the con 
dition, and neans responsive to the last named 
electrical device controlling the last named regu 
lators. 

8. A coniustion Control System for a steam 
boiler Supplied with a jiurality of different fuels 
and air for COmbustioi comprising a regulator 
ireSponsive to a fulction of the Steain generated 
by the boiler, an adjustable electrical device con 
nected to and adjusted by the regulator to pro 
duce a Voltage change, a plurality of inpedance 
elements connected in parallel to said device, a 
plurality of regulators controlling the supply 
of different fuels to the boiler, reversible motors - 
Controlling the regulators, adjustable impedances 
Controlled by the motors, circuits connecting the 
adjustable impedances respectively to the im 
pedance elements, means responsive to voltage 
unbalance in the respective circuits to control 
the notors, means to add the voltages developed 
aCIOSS One of the impedances in each circuit, 
and means responsive to the total voltage de 
Veloped in the adding means to control the 
Supply of air to the boiler. 

CHARES H. SMOOT. 
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